Introduction
Our oceans, and biodiversity more broadly, are in crisis (Hoag, 2010; Novacek, 2008) . Acting to manage many of these complex issues at play requires data and knowledge about these systems. Yet governments generally have limited capacity to generate and manage the scale of data required to respond appropriately to these challenges of environmental management in the 21 st century. With growing evidence that marine research is under-resourced compared with that on land, novel solutions to these problems are sorely need (Richardson and Poloczanska, 2008) .
Seagrass meadows are marine powerhouses (Lavery et al., 2013) , and are a key part of that ocean biodiversity. They provide an example of a data poor habitat of global importance that are undoubtedly in crisis (Orth et al., 2006; Waycott et al., 2009) . Seagrasses are flowering marine plants that grow in sheltered shallow coastal areas on sandy or muddy substrates. The meadows they form provide habitat, food and shelter for a diverse range of invertebrates, fish, mammals and birds. As such, these meadows are crucially important for juvenile and larval stages of many commercial, recreational and subsistence fish and shellfish globally (Beck et al., 2001; Heck et al., 2003; Jackson et al., 2001; Lilley and Unsworth, 2014; Short et al., 2011) .
In order to protect seagrasses into the future the development of appropriate environmental management strategies at local, regional and global scales must be underpinned by understanding their distribution, what threatens them and their historical loss. Seagrass loss globally is generally the result of poor and reduced water quality, driven by unsustainable coastal development, poor integrated coastal zone management, and physical destruction. In these cases, seagrasses suffer due to lack of acknowledgment of their existence and value (Duarte et al., 2008) . Despite a global understanding of the negative effects that these impacts have on seagrass ecosystem services, we know very little about smaller scale impacts (Grech et al., 2012) , which are often locally specific and missed in management and practice -for example seaweed farming (Eklof et al., 2006) . Obtaining such information at local scales is therefore essential but can be difficult and expensive to collect.
The cost and logistical limitations of working in intertidal and subtidal seagrass environments contribute to this lack of data. In the intertidal, short tidal periods reduce sampling time, and subtidal seagrass meadows require either the use of costly SCUBA teams, sonar equipment or towed video systems. Seagrass monitoring in many regions of the world is absent, and even where it is, monitoring can be infrequent and lack the statistical power needed to sufficiently understand the extent of changes to seagrass condition. As a result, there remains huge gaps in our knowledge of global seagrass distribution and the long-term change in their extent (Waycott et al., 2009) . Citizen Science (CS) provides a means to start to fill seagrass data gaps both locally and globally.
The number of and diversity of projects that provide members of the public with an opportunity to assist in research is expanding globally (Cigliano et al., 2015; Pocock et al., 2017) , and societies interest in this has risen in the last 10 years ( Fig. 1) . Primarily, research into ecology, meteorology and astronomy have paved the way due to their characteristic nature. CS is defined as 'a method of integrating public outreach and scientific data collection locally, regionally, and across large geographical scales' (Bhattacharjee, 2005; Bonney et al., 2009a; Bonney et al., 2014; Cooper et al., 2007; Tweddle et al., 2012) .
The use of CS as a tool for conservation is emerging as a novel and desirable approach; this is due to associated low budget requirements and potentially rapid data dissemination. Moreover, recent technological advances have enabled collaborative projects to broaden their ambitions (Pocock et al., 2017) . The collection of 'big data' in these projects, involving the collection of data across wide special and temporal scales, was previously unimaginable (Miller-Rushing et al., 2012; Ward et al., 2015) . Across the board, one major benefit of using CS data is its inherently large sample size (Greenwood, 2007) . With such large sample sizes, CS data has the potential for high statistical power and to derive robust statistical information from. Moreover, data obtained from CS programmes has the potential to yield similar, and sometimes better results than from data collected by trained specialists (Newman et al., 2003; Schmeller et al., 2009 ).
Given that water covers 70% of the earths surface, an international survey of CS programmes, conducted by Roy et al., (2012) , identified that marine and coastal environmental projects were proportionally underrepresented (comprising around 15% of projects). These were geared either towards highly localised and scientific precision driven programmes or mass participation programs designed to raise citizen awareness of a specific issue, with few projects achieving a more balanced 'middle' ground. These middle ground projects enlist more participants than scientific precision driven programmes and have greater scientific accuracy than mass participation projects and are more useful to derive broader conclusions. This represents a unique and novel opportunity for marine and coastal CS to diversify (Berkes, 2007; Roy et al., 2012) . Although the range of potential marine and coastal CS projects is not as large as in terrestrial systems (Theobald et al., 2015) , projects are increasingly providing opportunities for members of the public to participate in and engage with marine conservation.
Data collected through citizen science programmes have been used to better understand the abundance of cetaceans and jellyfish (Embling et al., 2015; Pikesley et al., 2014) , the health of coral reef systems (Marshall et al., 2012) , how ocean plastics are distributed (Hidalgo-Ruza and Thiel, 2013; Smith and Edgar, 2014) and the spread of invasive species (Delaney et al., 2008) . Furthermore, CS, in the context of marine and coastal conservation management, has the potential to strengthen community engagement and influence policy (Conrad and Hilchey, 2011; Danielsen et al., 2013 ), yet there are still barriers and challenges to translate data into resource management (Done et al., 2017; Schläppy et al., 2017) .
In the present paper, we discuss how CS programmes can be useful in addressing the geographically large-scale information gaps that seagrasses are currently facing. Using current programmes to make this case we provide evidence of why CS is a source of optimism in terms of securing a future for seagrass. We highlight the potential of CS tools to fulfil key needs in conservation science that are applicable to seagrass (Duarte, 2002; Whittaker et al., 2005) . We provide additional evidence of where CS could be used and highlight a challenge of CS. Lastly, we provide the key considerations for a successful citizen science programme targeting seagrass.
Seagrass Citizen Science
Generally speaking, intertidal seagrass science does not suffer from the same logistical challenges that other marine projects may face such as requirement of boats, the need for volunteers to be at sea, diving qualifications, expansive range of species identification skills, or even the ability to swim (Cigliano et al., 2015) . While there are exceptions, seagrass meadows are easily accessible by members of the public at low tide, and have even been used as football pitches in some remote locations. For this reason, the take up of seagrass citizen science (SCS) projects has generally been well received, with successful local, regional, national and global projects in action (Table 1) . However, with the exception of SeagrassWatch and SeagrassSpotter, SCS projects are generally small targeting a range of local or regional issues. For example, the Community Seagrass Initiative (CSI) targets a number of seagrass meadows along the south coast of the UK for which data is lacking. Utilising SCUBA divers (provided with training), CSI map meadows to update ranges on nautical charts so that boaters are more aware of meadows, and enlists members of the public to help analyse Baited Underwater Video Footage collected by kayakers. On the other hand, Port Curtis Seagrass
Restoration programme enlists volunteers to help collect seagrass transplants that are then used to improve the ecosystem health of Gladstone Harbour, Australia. Despite the obvious awareness raising potential and the generation of data that these projects provide to support seagrass conservation, the key strengths of these projects have seldom been highlighted or acknowledged. Nor has the recent upward trend in engagement though these projects.
Within seagrass science, no matter how large the sampling effort is, there are trade-offs between monitoring a seagrass meadow continuously, either using a set number of specifically placed transects or via a set approach like boundary walking, versus monitoring a seagrass meadow sporadically (McKenzie et al., 2001) . While the first approach gives us very detailed information on what is happening in specific places within a seagrass meadow, over time, it is the ideology of the second approach that is generally adopted by citizen science (CS)
programmes. This approach is focused on extrapolating results to a wider scale, whether that is meadow scale or larger. Although the data collected through a single sample provides only a limited amount of information, the key principle here is the use of a simple scientific standard that is replicable thus permitting us to draw broad assumptions across wide spatial and temporal scales.
Examples of current Seagrass Citizen Science programmes
Only two current seagrass citizen science (SCS) programmes (Seagrass-Watch and SeagrassSpotter) cover wide spatial scales, from local to global, and provide examples of SCS projects targeting large numbers of participants in different ways. Through programmes like these one might argue that citizen scientists could potentially provide us with the world's largest seagrass research team. Seagrass-Watch, a participatory science (Haklay, 2013) program developed using design thinking (Bonney et al., 2009b) Building on the idea of a large research or monitoring team, SCS programs offer more than traditional, government led monitoring efforts. Much like some of the plants they investigate, SCS programs themselves are perennial; carefully designed and planned to ensure that they endure despite (in many cases) a limited renewal of participants. Provided instruments are in place to ensure new participants can suitably conduct the exercise using globally standardised methods (Scientific led program incorporating CS -e.g., Seagrass-Watch), or so that the exercise does not require training (Entry level CS -e.g., SeagrassSpotter), CS programs can be resilient to variations in the financial challenges that other monitoring or research programs face .
Tools for securing a future for seagrass
The ideal way to assess changes to seagrass condition and distribution globally would be to use data from large multi-site monitoring programmes. However, due to the lack of publicly available information, previous attempts have relied solely on published literature to gather information or data so that assumptions can be made (Duarte, 2002; Orth et al., 2006; Short et al., 2007; Waycott et al., 2009) . To answer the array of different questions needed for seagrass conservation, new approaches are needed. However, new approaches must also look to the past in the way that scientists and society act and engage with the environment. A little over 30 years ago a scientist could visit a seagrass meadow, merely describe it and publish literature based solely on observations. In this respect, simple observations from citizen science (CS)
could provide the key indicators essential for identifying seagrass change over wide spatial and temporal scales for both science and policy.
As part of the European Union (EU) Water Framework Directive (WFD), seagrasses are used as an indicator to identify the ecological status of coastal areas (Wilkes et al., 2017) . Here, coastal ecological status can be identified by comparing specific plant characteristics, mainly shoot density, percentage cover or depth limits, to a reference level which generally reflects that of perceived low anthropogenic influence (Foden and Brazier, 2007; Marbà et al., 2013) .
Generally, WFD monitoring requires a monitoring team, usually made up of consultants with no specific "seagrass training" and is also costly. Evidence, in which ecological indicators of land-use change have been quantified using data from CS programmes (Devictor et al., 2008) , suggests that the seagrass characteristics measured as part of WFD (percentage cover and shoot density) could be easily identified using citizen scientists. While some SCS programmes successfully incorporate such indicators (e.g Sarasota County Seagrass Survey), they do so only at regional or national level and no continental wide applications of specific SCS programmes exist.
In addition to their potential role in identifying key ecological indicators that are useful to managers, SCS programmes already have the potential to collect information pertaining to a range of viewpoints (Table 2) . For example, one of the biggest remaining gaps in our knowledge of seagrass ecosystems are associated faunal communities. This is an area where we believe SCS programmes can assist with knowledge development, learning from targeted programmes like the "Great Eggcase Hunt", which has helped inform new descriptions and revised keys to the skate and catshark eggcases in the British Isles (Gordon et al., 2016) , and observational UK SeaSearch SCUBA campaigns. Additional to this, tools already exist for more detailed development through website's like zooniverse.org. The Community Seagrass
Initiative leads by example in this case, utilising the website to allow citizens to identify fish recorded using Baited Remote Underwater Video systems. There exists significant potential for even entry level SCS programmes to span biological, ecological and socio-ecological levels. With continually advancing technology, issues such as seagrass resilience or wide scale investigations of plant phenology can be identified using a phone app (identification of seeds and flowers -a great marine flower search?). Moreover, advancements in cloud software such as Google Forms provide the potential to widen the scope of socio-ecological surveys that could identify how fishers use seagrass meadows across both spatial and temporal scales.
Reconnecting with nature
While seagrass projects generally don't suffer from the same challenges that broader marine projects have, a fundamental pitfall is perceived lack of charismatic appeal. And while there exists much potential for seagrass citizen science (SCS) to grow, the question of how to get people to engage with seagrass science remains.
Nearly half of the world's population lives within 200 kilometres of a coastline (Matti et al., 2016 ). This number is set to double by 2025, and by 2050, three-quarters of the world's population will be urban (Morgenroth et al., 2016) . As this populations continue to grow, society may progressively disconnect from nature. This lack of contact with nature increases collective insignificance for participation in conservation (Miller, 2005) . However, contact with nature, and the marine environment specifically, may be crucial in stimulating an appreciation of the need to protect the marine environment (Nichols, 2014) .
Learning from large-scale studies of terrestrial plants, one SCS programme (SeagrassSpotter) explicitly deals with this issue, using a phone application for monitoring and identifying seagrass. Reliance on mobile devices is now rapidly increasing within all age groups of societies (Robinson et al., 2015) . Using CS programmes could therefore be a promising way for reconnecting people to nature (Miller, 2005 (Miller, , 2006 However, even if one is to provide opportunities, the true success of a SCS programme ultimately relies on the curiosity of volunteers to learn about and observe a relatively secret and unknown part of their marine environment. Further to this, the fulfilment an activity provides influences how attached a participant becomes to an area (Evans et al., 2005; Horwitz et al., 2001; Miller, 2005) . The benefits seagrass provide are crucial to this (Nichols, 2014) .
The terms familiar species and ordinary nature are frequently used in conservation biology and generally refer to the environment surrounding the area in which a person lives. However, the marine environment is seldom included in this. It is thus the challenge of CS to make seagrass a familiar or ordinary species.
Key Considerations for a Successful Seagrass Citizen Science Programme
Based on our understanding of seagrass citizen science (SCS), the challenges facings seagrass more broadly and the points made within this paper, we have identified 5 key elements leading to a successful SCS programme.
Scale
To find solutions to the problems facing seagrass meadows globally we need improved, and more up to date, information on their geographical distribution and condition. By definition, this requires large spatial and temporal datasets. Currently only around 1/5 of the worlds estimated seagrass distribution has been mapped. Therefore, a key requirement of SCS programmes is the collection of comparable data across scales. Of course, the quality of such information is dependent on trade-offs made between the limited amount of precision provided by a certain sample, and the number of samples. While citizen science (CS) programmes can be beneficial, the bias and precision that come hand in hand with such sampling must be considered before analysis (Schmeller et al., 2009) , and also in sampling design (McKenzie et al., 2000) . However, the use of technological innovation provides opportunities for improved quality assurance and quality control measures through photographic georeferenced records of samples (McKenzie et al., 2001 ).
Programme flexibility
Anthropogenic, geographic, environmental and biological factors will mean that SCS information collected on factors such as the distribution of an individual species, the condition of a meadow, or an assessment of threats associated to seagrasses will require different methods and equipment dependent upon locality and user.
SCS programmes need to be of sufficient flexibility to provide information on a range of aspects important for seagrass conservation at a range of scales dependent upon both the user's needs and the local circumstances. By being flexible an SCS programme can maximise opportunities for its uptake.
By ensuring flexibility and hence maximising opportunities for programme uptake SCS programmes can be used to provide a means to fill knowledge gaps in our understanding of seagrass conservation. For example, one the biggest remaining gaps in our knowledge of seagrass ecosystems are associated faunal communities. This is an area that we believe SCS programmes can assist with knowledge development.
Quality control
The capacity for any programme to meet the large-scale challenges faced in biodiversity conservation is not simply a matter of scale and numbers. Even significantly large datasets can suffer from bias, induced mainly from sampling design (Lepczyk, 2005) . In this respect, a common pitfall for both terrestrial and marine programmes is in the identification of species; characteristic to programmes that involve counting the number individuals or species.
Programmes of this kind, moulded by the collection of presence or absence data, depend solely on the ability of the observer to detect and identify individuals. While the identification of some species is difficult, for SCS programmes, these challenges can somewhat be avoided with the use of simple ID guides and species training, whether distributed as part of the project (e.g.
Seagrass-Watch), or as an add-on (e.g. Community Seagrass Initiative). Similarly, with a much
smaller range of species than other groups of plants or animals, local programmes can be extremely user friendly and involve people from all age groups of societies.
Co-creation
Co-creation is a term commonly used to describe the bringing together of both designers and end users to jointly produce a mutually valued product. These values can be translated into seagrass conservation though co-research (Cigliano et al., 2015) . Feedback and citizen understanding is recognized as an essential element when improving the communication and/or development of biodiversity strategies (Evans et al., 2007; Fischer and Young, 2007; Miller, 2006) . In the public eye seagrass meadows suffer significantly, with their profile and appreciation low when compared to other marine habitats like coral reefs or mangroves. This is often due to the benefits that seagrasses provide to humanity being poorly understood.
"Thinking outside the box" in respect to the scientific element of large-scale projects, SCS needs to move from achieving scientific impact towards integrating public impact for valueled global conservation strategies (Jepson and Canney, 2003) . By involving local communities in well informed conservation efforts, and providing opportunities for feedback and discussion, community views and values can be used to target conservation efforts.
Communication
SCS programmes need to communicate data and key findings back to the citizen scientists who collected the data so that their commitment to the programme grows. This may assist with growing social capital (Pretty and Smith, 2004) . Data also needs to be publically available so that stakeholder's key to the conservation process can utilise the data when applicable to environmental management and conservation. This publically available data needs to be presented alongside clear explanation of associated methods, analysis and quality control procedures (Reichman et al., 2011) . The Seagrass-Watch programme provides some example of this, where data analysis is presented clearly to stakeholders via their website, additionally providing names of volunteers, precise location of sampling and the best tide height to visit, and the programme method guide is easily accessible via download.
Conclusions
In conclusion, we believe that current seagrass citizen science (SCS) programmes provide a significant opportunity to assist with filling the many knowledge gaps in our understanding of seagrass ecology, particularly their spatial extent and condition. Citizen science is not the panacea needed to secure a future for seagrass, however these SCS programmes provide the characteristics that are needed to collect scientifically valid and robust data about seagrass globally. Given the success of certain programmes for inputting data into management and monitoring there exists significant potential for citizen science to contribute to seagrass conservation more frequently and more extensively, particularly when linked to data accessibility and communication.
As a community of scientists, we must recognise that the conservation of seagrass (and the wider ecosystem) is not independent from human activities, and while charismatic species such as turtles and dugong add value and incentives, seagrass is no longer exclusively a subject of traditional academic science. The protection of coupled socio-ecological systems like seagrass meadows, which provide communities with livelihoods and food security (Cullen-Unsworth and Unsworth, 2013; Cullen- Unsworth et al., 2014; Unsworth et al., 2014) , has received increased credence as of late, yet the value of seagrasses to communities is still poorly acknowledged. Citizen science provides us with the opportunity to promote seagrass as a 'familiar' species, and go further than simply monitoring condition to potentially understanding the true values that people see in their marine environment. 
